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A B S T R A C T
Objective: To assess the interictal epileptic discharges (IEDs) detection rate of magnetoencephalography
(MEG) recordings performed in a new light-weightmagnetic shielding (LMSR) concept in a large group of
consecutive patients with presumed mesiotemporal lobe epilepsy (MTLE).
Methods: Thirty-eight patients (23 women; age range: 6–63 years) with presumed MTLE were
prospectively studied. MEG investigations were performed with the 306-channel Elekta Neuromag1
MEG-system installed in a normal hospital environment into a LMSR (MaxShield, Elekta Oy). Equivalent
current dipoles (ECD, g/%>80%) corresponding to epileptic events were ﬁtted to each patient’s spherical
head model at IEDs onset and peak and then superimposed on the patient’s co-registered MRI.
Results: IEDs were observed in 26 out of 38 patients (68.4%). Temporal ECDs were mesial in 14 patients,
anterior in 23 patients and posterior in 8 patients. Interestingly, in 6 patients, ECDs ﬁtted at spike-onset
were localized in the hippocampuswhile at the peak of the spike, they had an anterior temporal location.
Conclusions: MEG using LMSR provides adequate signal to noise ratio (SNR) to allow reliable detection
and localization of single epileptic abnormalities on continuous MEG data in 68% of patients with
presumed MTLE. Moreover, mesial temporal epileptic sources were detected in 54% of patients with
abnormal MEG. The SNR of MEG data acquired using the LMSR is therefore suitable for the non-invasive
localization of epileptic foci in patients with MTLE. The use of LMSR, which are cheaper and smaller than
conventional MSR, should facilitate the development of MEG in clinical environments.
 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Temporal lobe epilepsy is the most common form of refractory
focal epilepsy.1 More than half of the procedures in epilepsy
surgery programs are anterior temporal lobe resections. When
magnetic resonance imaging (MRI) shows hippocampal sclerosis
(HS) and other data are concordant, this procedure renders 60–70%
of the patients seizure free.1
Magnetoencephalography (MEG) is a functional cerebral
imaging technique that is increasingly used to localize the epileptic
focus as part of the non-invasive presurgical evaluation of patients
with pharmacoresistant focal epilepsy.2 Previous studies have
shown that whole-head MEG is able to detect epileptic activity in
30–90% of patients with MTLE.3–7 This large variance of detection* Corresponding author at: Magnetoencephalography Unit, Laboratoire de
Cartographie Fonctionnelle du Cerveau, ULB-Hoˆpital Erasme, 808 Lennik Street,
Brussels, Belgium. Tel.: +32 2 555 31 11; fax: +32 2 555 47 01.
E-mail address: xdetiege@ulb.ac.be (X. De Tie`ge).
1059-1311/$ – see front matter  2011 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2011.01.015rate reported for MEG in MTLE probably stems from the difﬁculty
to recordmagnetic signal from deepmesiotemporal (MT) epileptic
sources and also from the variety of MEG hardware conﬁgurations
involving different sensor types (gradiometers and/or magnet-
ometers) and magnetically shielded rooms.2,7,8
The extracranial magnetic ﬁelds recorded by MEG are
extremely weak: 50 to 10000  1015 Tesla (T).9 In clinical
environments, the typical ambient magnetic noise level (1011
to 106 T) is several orders of magnitude higher than the
neuromagnetic signal. Power-lines, elevators, moving hospital
beds, radiological equipments, and even the variation of the Earth’s
geomagnetic ﬁeld contribute to ambient magnetic interference.9
One of the most reliable ways to reduce external magnetic
disturbances is to acquire MEG data in a magnetically shielded
room (MSR).9 MSRs are usuallymade of several layers of mu-metal
and aluminum, resulting in expensive (usually 600,000 up to more
than 1,250,000 dollars), heavy (usually 7000 kg up to more than
10,000 kg) and bulky (usually 3–4 m of height, 3.5–4 m of width
and 4.5–5 m of length) constructions that are difﬁcult to install in
typical hospital environments. In order to reduce the investmentvier Ltd. All rights reserved.
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of MEG systems in hospital environments, Elekta Oy (Helsinki,
Finland) has developed a new light-weight magnetic shielding
(LMSR) concept comprising a light-weight passive shielded room
characterized by a single shell of interleaved mu-metal/aluminum
layers and active interference cancellation systems.10 Compared to
conventional multilayer MSR, LMSR reduces the cost of the MSR
and its installation by 30–70%, depending on the type of
conventional multilayer MSR considered (LMSR: price: 500,000
dollars; weight: 5800 kg; size: 2.5 m of height, 3 m of width and
4.25 m of length). Previous studies have demonstrated similar
background noise level with LMSR and conventional multilayer
MSR in auditory and sensory evoked or induced magnetic
ﬁelds.10,11 In addition, it has been shown to provide sufﬁcient
attenuation of magnetic noise to detect and reliably localize
epileptic spikes in a group of 10 epileptic patients with frequent
interictal temporal or extra-temporal spikes on electroencephalo-
gram (EEG).12
To better determine the clinical value of the LMSR,we assess the
epileptic activity detection rate of MEG investigations performed
in this environment in a large group of consecutive patients with
presumed MTLE. These patients were included in a multidisciplin-
ary presurgical evaluation program for refractory partial epilepsy.
2. Patients and methods
2.1. Patients
Between November 2007 and December 2009, 38 consecutive
patients (23 women, mean age: 37.3 years, range from 6 to 63
years) included in the multidisciplinary presurgical evaluation
programof ULB-Hoˆpital Erasme (23 patients) and Ghent University
Hospital (15 patients) were prospectively selected for this study
based on the following criteria: (1) pharmacoresistant focal
epilepsy, and (2) presumed MT epileptogenic zone based on
conventional non-invasive presurgical evaluation. The conven-
tional non-invasive presurgical work-up included: neurological
and neuropsychological evaluations, 5 days of scalp video-EEG
monitoring using 21–27 electrodes, structural MRI and positron
emission tomography with [18F]-ﬂuorodeoxyglucose. The pre-
sumed anatomical location of the epileptogenic zone (PLEZ) was
determined after multidisciplinary discussion of the presurgical
investigations results. Diagnoses were left MTLE in 26 patients,
right MTLE in 9 patients and epilepsy with bilateral foci in 3
patients. Twenty-two patients hadMRI criteria of HS, 3 had normal
MRI and 16 patients had other types of brain lesions. Detailed
patients’ clinical data can be found in Supplementary Table S1.
This studywas approved by the institutional ethics committees.
Patients gave written informed consent.
2.2. MEG acquisition
MEG measurements were performed using the whole-head
306-channel Elekta Neuromag1 (Elekta Oy, Helsinki, Finland)
system installed at the ULB-Hoˆpital Erasme, the characteristics of
which have been described elsewhere.12 No simultaneous EEGwas
recorded. MEG data were acquired in a light-weight magnetically
shielded room (LMSR) (MaxShieldTM, Elekta Oy, Helsinki, Finland),
which combines three magnetic noise suppression methods: (1) a
light-weight single-shell shielded room; (2) an active feedback
compensation system composed of three orthogonal coil pairs
buried in the walls, roof and ﬂoor of the LMSR that are driven by
reference magnetometers (zero detector) distributed within the
sensor array and which further reduces the interferences at the
sensor array by producing compensatory magnetic ﬁelds; and (3)
the software-based signal space separation (SSS) method thatremoves the effect of the active feedback compensation system
and any residual interference at the sensor array.13 The active
feedback compensation system is tuned once for both supine and
seated position after the installation of the MEG system in the
LMSR by adjusting the gain and time constant parameters of the
reference magnetometers feedback loops. The use of the active
feedback compensation system adds compensatory magnetic
ﬁelds to MEG data rendering non-SSS-ﬁltered data difﬁcult to
interpret. MEG data acquired without using the active feedback
compensation system and subsequently ﬁltered by SSS are
potentially usable for data analyses but with suboptimal signal-
to-noise ratio (SNR). Therefore, at our site, we systematically use
the active feedback compensation system forMEG data acquisition
and subsequently ﬁlter the data with SSS. This procedure is the
only way to obtain high MEG data quality with optimal SNR. The
LMSR is located at the basement level of the ULB-Hoˆpital Erasme,
close to the sterilization department, the MRI and PET units. The
smaller size of the LMSR compared to traditional multilayer rooms
does not impose any practical limitation, as the inner size of is
almost comparable.
For all patients, spontaneous magnetic brain activity (eyes-
closed rest, supine position) was recorded for 1 h (pass-band 0.1–
330 Hz, sampling frequency 1 kHz). No substantial change in
antiepileptic drug treatment and no sleep deprivation were
performed prior to MEG data acquisition. Patients’ head position
was continuously monitored within the MEG helmet using four
head tracking coils. The locations of the coils with respect to
anatomical ﬁducials were determined with an electromagnetic
tracker (Fastrak1, Polhemus, Colchester, VT, USA) prior to MEG
recording.
2.3. MEG data analysis
Continuous MEG data were preprocessed off-line using the SSS
(34 patients) or spatiotemporal SSS (4 patients, coefﬁcient
correlation: 0.8, segment length: 4 s) methods (MaxFilter 2.0.13)
to suppress any residual interference and correct for head
movements,13 band-pass ﬁltered to 0.1–40 Hz and visually
inspected for interictal epileptiform discharges (IEDs).12 Sharp
signals (duration < 200 ms) exceeding 150% of the background
signal variance, seen on several neighboring channels and
producing clear dipolar magnetic ﬁeld patterns, were considered
as potential epileptic events.14,15 Events related to physiological
artifacts or rhythms were rejected.
Source localizations of epileptic events were obtained by
conventional dipole modeling tools (Elekta Oy) using spherical
conductor models determined from patients’ individual MRIs.
Equivalent current dipoles (ECD) were ﬁtted at the onset (or the
ﬁrst valid dipole before the peak) and the peak of epileptic events
using a selection of at least 40 channels. Spherical head model was
systematically used in all patients instead of realistic head models
as the comparison between ECDs location obtained in some
patients with both types of headmodels did not lead to substantial
(inferior to theMEG spatial resolution) differences in ECD location.
Dipole ﬁts were considered valid when the goodness-of-ﬁt was
>80% and the 95%-conﬁdence volumewas less than 20 mm3. ECDs
were then superimposed on the coregistered patients’ MRIs.
Temporal ECDs were classiﬁed as mesial, anterior or posterior.16
Mesial temporal ECD was located in the amygdala–hippocampal
complex, the anatomic boundary between anterior and posterior
temporal ECDs was deﬁned as the point where the central sulcus
reaches the sylvian ﬁssure based on Iwasaki et al. classiﬁcation.16
3. Results
Detailed MEG results can be found in Supplementary Table S1.
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10 patients (26.3%), no IED was recorded, half of these patients
having either no or rare IEDs on previous prolonged video-EEG
monitoring. In 2 patients (5.3%), poor SNR caused by magnetic
artifacts thwarted MEG data interpretation. Prolonged video-EEG
recording detected IEDs in 36 patients (95%).
Temporal ECDs observed were mesial in 14 patients (54% of
patients with abnormal MEG), anterior in 23 patients (88.5% of
patients with abnormal MEG) and posterior in 8 patients (31% of
patients with abnormal MEG). Interestingly, in 6 patients, the
temporal location of ECDs was mesial when ﬁtted at the onset of
some IEDs but anterior when ﬁtted at IEDs peak (Fig. 2).
MEG results were concordant with the PLEZ in 22 patients (85%
of patients with abnormal MEG) considering the fact that anterior
temporal ECDs are highly suggestive ofMT epileptogenic zone.16 In
the 4 other patients, MEG results were actually partially
[()TD$FIG]
Fig. 1.MEG data of patient 28. (A) One second of MEG signal (band-pass ﬁltered to
0.1–40 Hz) obtained in selection of planar gradiometers grouped by lobes showing a
left temporal interictal spike-wave discharge preceded by cardiac artifact over the
left temporal and occipital sensors (RF: right frontal, LF: left frontal, RP: right
parietal, LP: left parietal, RT: right temporal, LT: left temporal, RO: right occipital,
LO: left occipital). (B) The same second of MEG signal obtained in a selection of left
fronto-temporal magnetometers showing the left temporal interictal spike-wave
discharge (MAGN: magnetometer). (C) Upper: magnetic ﬁeld pattern at the peak of
the left temporal interictal spike-wave discharge superimposed on the
neuromagnetometer helmet. The sensor array is viewed from the left. The
squares show the locations of the sensor elements. The red contours indicate
magnetic efﬂux and the blue contours magnetic inﬂux (contour steps: 100 fT). The
green arrow depicts the surface projection of the equivalent current dipole (ECD)
which best explains the ﬁeld pattern. Middle and lower: ECDs (blue) that best
explain the ﬁeld pattern for the recorded interictal spike-wave discharges shown on
the patient’s co-registered 3D-T1 MRI; the sources of the recorded spikes are
located in the left mesial and anterior temporal regions. This patient also had
posterior temporal ECDs not illustrated in this ﬁgure. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of
the article.)concordant with the PLEZ, and consistent with the presurgical
evaluation as a whole. Indeed, in 2 of these patients with only
posterior temporal ECDs, usually considered as indicative of a
lateral or posterior temporal epileptogenic zone, MEG correctly
lateralized the temporal epileptic focus and one of these two
patients was seizure free after MT tumor resection. In the 2 other
patients, MEG found some IEDs in the PLEZ and additional IEDs in
the contralateral temporal lobe thatwere also observed interictally
during the prolonged video-EEG monitoring.
4. Discussion
This study shows that LMSR provides adequate attenuation of
magnetic interference and good SNR inMEG investigations leading
to detection and reliable localization of IEDs in 68% of 38
consecutive patients with presumed MTLE. These data suggest
that the use of LMSR in patients with presumed MTLE does not
substantially decrease the performance compared to traditional
multilayer MSR.
To deﬁnitely prove that LMSR provides as good SNR as
multilayer MSRs would require a direct comparison of MEG
recordings performed in the same epileptic patients using identical
MEG systems and both types of MSRs. Such study is obviously
difﬁcult to conduct due to the scarcity of clinical MEG systems.
Nevertheless, previous studies have demonstrated similar back-
ground noise level with LMSR and conventional multilayer MSR in
auditory and sensory evoked or induced magnetic ﬁelds.10,11 In
addition, the IED detection rate could vary in some patients due to
the short duration of MEG recordings performed in this study (1 h)
and the potential variability at the patient level of IEDs frequency
between two measurements performed in different conditions.
The IED detection rate of 68% obtained after 1 h of MEG is lower
than the 95% detection rate by prolonged video-EEGmonitoring in
this patients population. Relevant comparison of MEG and EEG IED
detection sensitivity should involve time-locked MEG and EEG
data recording; such study is ongoing in our laboratory. Previous
studies have compared the IED detection rate between time-locked
MEG and EEG data in patients with temporal lobe epilepsy.3,17
These studies have shown that many spikes are seen in one
modality or the other suggesting that the use of both modalities
may provide additional relevant information.3,17
Although some authors consider that MT sources are difﬁcult to
detect with MEG,2 we found clear MT sources in 54% of patients
with abnormal MEG suggesting that the SNR obtained with MEG
performed in LMSR is suitable for such investigations. Moreover, in
six patients, ECDs ﬁtted at the onset of some IEDs were located in
theMT region and had an anterior temporal locationwhen ﬁtted at
the peak of IEDs. This ﬁnding suggests that anterior temporal
sources, which were found in 88.5% of patients with abnormal
MEG, may have a source in the MT structures that is probably not
picked up by the MEG sensors in some cases due to their weakness
compared to the background brain activity or the orientation of
their sources. Some studies have suggested that magnetometers
have a higher sensitivity than gradiometers for MT IED detection
due to their higher sensitivity to deep brain sources.8 Such
systematic comparison between magnetometers and gradi-
ometers was not performed in this study.
The clinical role of MEG in patients with MTLE is still under
debate.7,16 MEG has been shown to detect temporal and
extratemporal IEDs in some patients with refractory partial
epilepsy that are not captured by EEG (see patient 36, Supplemen-
tary Table S1).3,17,18 This ﬁnding illustrates the complementarities
between MEG and EEG in the context of the presurgical evaluation
of refractory epilepsy and suggests that MEG can be required to
draw the overall clinical picture of the patients’ epileptic disorder.
MEG could therefore be indicated in MTLE patients without any
[()TD$FIG]
Fig. 2. MEG data of patient 18. (A) Upper: a 700 ms epoch of MEG signal obtained in one left temporal planar gradiometer showing one spike-wave discharge. (A) Middle:
magnetic ﬁeld pattern at the onset of the left temporal interictal spike-wave discharge superimposed on the neuromagnetometer helmet. The sensor array is viewed from the
left. The squares show the locations of the sensor elements. The red contours indicatemagnetic efﬂux and the blue contoursmagnetic inﬂux (contour steps: 100 fT). The green
arrow depicts the surface projection of the equivalent current dipole (ECD) which best explains the ﬁeld pattern. (A) Bottom: ECD (blue) that best explains the ﬁeld pattern at
the onset of the recorded left temporal interictal spike-wave discharge shown on the patient’s co-registered 3D-T1MRI; the source at the onset of the recorded spike is located
in the leftmesial temporal regions. (B) Upper andmiddle: same as for ‘‘A. Upper andMiddle’’ except that themagnetic ﬁeld pattern is displayed at the peak of the left temporal
interictal spike-wave discharge. (B) Bottom: ECD (blue) that best explains the ﬁeld pattern at the peak of the recorded left temporal interictal spike-wave discharge shown on
the patient’s co-registered 3D-T1MRI; the source at the peak of the recorded spike is located in the left anterior temporal region. (For interpretation of the references to color
in this ﬁgure legend, the reader is referred to the web version of the article.)
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exclude the existence of extra-temporal IEDs not observed after
prolonged video-EEG monitoring in non-classical MTLE cases. In
this study, MEG results were consistent with the conventional
non-invasive presurgical evaluation in all patients. This ﬁnding,
however, needs to be compared to the post-surgical outcome of
operated patients to better determine the clinical added-value of
MEG in this population. These data might nevertheless suggest
that MEG could bring valuable localization information in MTLE
patients with normal MRI in order to increase the conﬁdence
level of the whole multidisciplinary surgery team about the
surgical decision.7 Moreover, these data might suggest that MEG
could potentially replace the prolonged video-EEG monitoring in
a sub-group of MTLE patients. This sub-group clearly needs to be
characterized by other prospective multicenter studies and the
issue of the potential occurrence of non-epileptic seizures in
these patients, which can only be identiﬁed by video-EEG
monitoring, would also need to be addressed. Finally, some
studies suggested that MEG could also identify different types of
temporal epileptic sources, helping in the determination of the
optimal surgical procedure and in the prediction of surgicaloutcome.2,6,7,16 However, since some studies have shown that
patients with non-anterior temporal ECDs may be seizure-free
after anterior temporal lobectomy, the potential role of MEG in
the determination of the optimal surgical procedure by
identifying different types of temporal epileptic sources, namely
anterior and non-anterior temporal sources, is still under
debate.2,6,7,16 The clinical relevance of sub-regional (mesial,
anterior, non-anterior) ECDs localization remains to be estab-
lished in our patients after ablative surgery and longitudinal
follow-up.
In conclusion, these data show that SNR of MEG data
acquired using the LMSR is suitable for the non-invasive
localization of epileptic foci in patients with MTLE. The use of
LMSR, which is cheaper and smaller than conventional MSRs,
should facilitate the development of MEG in hospital environ-
ments. Although the LMSR (combination of light-weight
single-shell shielded room, active feedback compensation
system and SSS) is rather system speciﬁc, this new technological
development should increase the access to this non-invasive
presurgical investigation for patients with refractory focal
epilepsy.
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